The landscape patterns of urban forests not only reflect the influence of urbanization on urban forests, but also determines its function in urban ecosystem services. In the case of mastering the overall forest landscape pattern of a city, a study of the structure of urban forest landscapes at different scales and in urbanized regions is beneficial to a comprehensive understanding of the forest characteristics of a city. In the present study, an attempt was made to map and monitor the spatio-temporal dynamics of an urban forest in Shanghai from 2004 to 2014 using remote sensing techniques. Methods of landscape ecology analysis are followed to quantify the spatiotemporal patterns of an urban forest landscape by urban and rural gradient regionalization. The results show that the spatial structure of an urban forest landscape is essentially consistent with an urban landscape pattern. Due to strong interference from human activities, the ecological quality of forest landscapes is low. At the landscape level, the urban forest coverage rate increased from 11.43% in 2004 to 16.02% in 2014, however, the number of large patches decreased, there was a high degree of urban forest landscape fragmentation, landscape connectivity was poor, landscape patch boundaries were uniform, and weak links were present between ecological processes. Different urban and rural gradient division methods exhibit obvious gradient characteristics along the urban-rural gradient in Shanghai. The regional differences in the urban forest landscape ecological characteristics have further increased as a result of urban planning and zoning. The total amount of urban forest is located closer to the urban center, which has the smallest total amount of forest; however, in terms of urban forest coverage, the suburbs have more coverage than do the outer suburbs and the central urban areas. The urban forest landscape's spatial distribution area is evidently different. Urbanization affects the areas closest to urban residential areas, which are markedly disturbed by humans, and the urban forest landscape has a high degree of fragmentation. The forest patches have become divided and unconnected, and the degree of natural connectivity has gradually decreased over the past 10 years. At the landscape class level, broadleaf forests are dominant in Shanghai, and their area exhibits an increasing trend; shrublands and needleleaf forests, however, show a decreasing trend. Compared with other forest types, the spatial distribution of broadleaf forest is concentrated in the suburbs, and the aggregation effect is relatively apparent. From the perspective of urban forest landscape pattern aggregation characteristics in Shanghai, the spatial distribution of urban forest landscape point patterns in the study area exhibit extremely uneven characteristics. The point density of urban forest patches larger than 1 ha in Shanghai increased from 2004 to 2014. However, the total Sustainability 2018, 10, 4397; doi:10.3390/su10124397
Introduction
Urban forests have attracted much attention because they can improve the living environment and environmental quality for residents. The concept of the forest city was first proposed by Erik Jorgensen from the University of Toronto, Canada. American scholars have disagreed about the concept of urban forests and formed different factions [1] [2] [3] [4] [5] . Combining the variety of definitions of urban forests proposed by many scholars, it is not difficult to determine that urban forests refer to trees and related vegetation within and around cities, including all vegetation areas that have a significant effect on the urban environment in urban, suburban and outer suburb areas [6] . China's urban forest development began in the 1980s, beginning relatively late compared to similar efforts in Europe and the United States. However, many cities have achieved remarkable results in terms of their development under the impetus of their relevant state departments [7] [8] [9] . Urban forests are biologically and non-biologically complex, with obvious ecological and human landscape value. Urban forest landscape research recognizes and studies not only urban forests from the perspective of the landscape, but also the development of landscape ecology application research [10] [11] [12] . The urbanization process has created a large number of homogenized urban landscapes. Urbanization is considered by many scholars to be one of the most important drivers for changing the natural environment and causing the rapid reduction and extinction of many local species. Large-scale urbanization has changed the landscape pattern of cities and their surrounding areas, significantly affecting the structure, process and function of urban forest ecosystems [13] [14] [15] [16] . Urban forest landscape patterns and processes represent the evolutionary process of urban forest landscape patterns and various ecological processes related to urban forests. They are an important part of the overall landscape of a region, and the landscape pattern formed by natural disturbance and human factors [17] [18] [19] . Urban forests play an important role in alleviating the ecological and environmental problems caused by urbanization. Urban forest landscape patterns and ecological process research on the landscape scale have become a popular research topic in urban forest science. Based on domestic and international research, the research content related to urban forest landscape patterns and processes primarily focuses on the landscape pattern distribution of urban forests, plant diversity and landscape patterns, urban forest landscape pattern evolution and driving mechanisms, urban forest landscape models, planning research related to urban forest landscapes, and other aspects [6] .
Due to the limitations of basic research methods and research models, urban forest landscape correlation research remains in the exploration stage. In the study of urban forest landscape patterns, landscape pattern indices, remote sensing, ceography information systems and global positioning systems technical analysis methods are important means of identifying forest landscape patterns, and these analyses greatly enrich the research on forest landscapes. With the further development of remote sensing technology, landscape ecologists can quickly acquire remote sensing images with time series data. Remote sensing images and related GIS data can be directly used as initial data in the forest landscape model, and the entire target area can be simulated by pixels. The emergence of high-efficiency computers and the development of computer graphics technology have made large-scale image processing and complex operations faster. Remote sensing images and spatial analysis software can be used to simulate and predict landscape changes, and these sources have become methods used by researchers [20] [21] [22] [23] [24] [25] [26] [27] [28] . In the study of urban forest pattern evolution, more attention has been paid to the level of patches and the landscape mosaics, and the long-term and spatial scale data are used to reflect the large-scale historical processes of change [29, 30] . These processes are closely related to land-use methods, such as urban development, timber demand, residential land, transportation and developed land. The 3S technology can quantify qualitative indicators, such as the analysis and measurement of urban forests, and the more intuitive analysis and evaluation of the spatial pattern of urban green space landscapes. However, based on the characteristics of landscape pattern, the landscape distribution pattern and its ecological processes and spatial combination laws have strong scale dependence characteristics. Because the urban forest landscape structure in the city center is becoming simplified, the landscape blocks are becoming fragmented, and the level connection between blocks is declining [31] [32] [33] [34] [35] . The traditional method cannot fully interpret the scale information of the landscape pattern. Multi-scale spatial analysis is the basis of the scale effect analysis. The spatial point pattern analysis method, which originated from plant ecology, is an effective means to analyze multi-scale spatial features. This method is the primary method for discovering and identifying landscape hierarchy and feature scales [36] [37] [38] . Compared with the traditional landscape pattern analysis method, the spatial point pattern analysis method reveals greater advantages and effectively supplements the landscape index method.
As a typical high-density human accumulation area, Shanghai's forest vegetation has long been subject to frequent disturbances from human activities. The types of forest vegetation are complex, the patches are broken, and the vegetation has been poorly protected. In the long term, the spatial pattern of forest landscapes is complex, and there is a significant gap between the lack of ecological green space resources and the ecological needs of urban residents during the process of rapid urbanization. In recent years, many scholars have studied the rapid urbanization process in Shanghai and the evolution of the urban land expansion and forest landscape patterns [39] [40] [41] [42] [43] . However, research on the spatial evolution of forest landscape patterns under the background of rapid urbanization in Shanghai still requires more attention. In this study, our objectives were to quantify the spatiotemporal patterns of urban forest in Shanghai from 2004 to 2014. To accomplish this, we first extracted forest from 2004 to 2014 based on multi-source remote sensing data. Then, we analyzed the dynamics of the urban forest landscape using a multi-scale landscape pattern analysis method. Finally, we discuss the characteristics of the evolution of the urban forest pattern in Shanghai and different sub-districts, and further analyze the problems of urban forest development in Shanghai.
Study Areas and Materials
Shanghai is located at latitude from 30 • 40 N to 31 • 53 N and longitude 120 • 52 E to 122 • 12 E. It is located on the west bank of the Pacific Ocean and on the east side of the Asian continent. Shanghai is located along the front edge of the Yangtze River Delta, east of the East China Sea, south of Hangzhou Bay, west of Jiangsu, Zhejiang Province, and north of where the Yangtze River enters the sea (Figure 1 ). Shanghai has a subtropical monsoon climate with four distinct seasons, abundant sunshine and abundant rainfall. Shanghai urban forests primarily consist of subtropical evergreen broadleaf forests, Metasequoia forests, bamboo forests and economic forests. The forests are characterized by wide distribution in suburban areas, small areas of urban forest, and mostly blocky (ecological forest, forest park) and zonal distribution (green belt around the city, water conservation forest in the upper reaches of Huangpu River). There is little natural vegetation in Shanghai, and most of the territory consists of man-made cultivated crops and forests. The proportion of man-made forests in the Shanghai area is relatively large. The proportion of man-made young forests is the largest (85%), and some of the residual zonal natural vegetation only exists in Sheshan and Jinshan Island. Being a typical international metropolis and an economic and commercial center in China, Shanghai is also the city with the highest level of urbanization (89% urbanization rate) and the highest population density (3000 people/km 2 ) in mainland China. In 2014, the permanent population of Shanghai was 24.25 million, and the regional GDP reached 236 million yuan. That same year, the forest coverage rate reached 14%, but the demand for urban forest ecosystem services is high due to severe pollution, heavy environmental pressure and a lack of residential recreation space [44] [45] [46] . The Landsat series of data images from 2004 to 2014 were downloaded from the Geospatial Data Cloud Platform (http://www.gscloud.cn/) and used as the main data source. Remote sensing data from different seasons in the region were used to subdivide the urban landscape and tree species. This study selected other supporting data, including Shanghai land-use data (1980s-2010) from the National Geoscience Data Platform-Yangtze River Delta Science Data Center (http://nnu.geodata.cn: 8008/), a Shanghai urban green map, additional resource survey data from Shanghai (2014), a map of the Shanghai administrative division (from the Shanghai Surveying and Mapping Institute), Shanghai aerial images data (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) , and the related vegetation survey data.
Methodology

Urban Forest Landscape Classification Based on Remote Sensing Data
The detailed definition of the landscape pattern type depends not only on the degree of recognition that data and technical analysis can achieve, but also on the level of classification required by the research objectives. The urban forests in Shanghai primarily consists of subtropical evergreen broadleaf forest, Metasequoia, bamboo and economic forests. Forests are characteristically small, blocky and have a zonal distribution, with a large proportion of man-made forest. Based on the forest distribution characteristics of Shanghai and the forest classification characteristics in the land use classification data, as well as differences in the external and internal structure of forest landscapes, the urban forest was divided into the following landscape types: (I) coniferous forest landscapes, in which pure coniferous forest is prominent, with fir and Masson pine being the dominant species (1: needleleaf forests); (II) broadleaf forest landscapes, which are primarily composed of pure broadleaf forest and mixed broadleaf forest (2: broadleaf forests); (III) mixed forest landscapes (3: mixed forests); (IV) fruit forest landscape, which refers to special irrigation forest, including economic fruit forest (4: shrublands); (V) other shrub landscapes, which include special shrubs other than fruit trees (5: shrublands and nursery); and (VI) no forest landscape, which includes residential areas, sites, roads, rivers, and unused areas (6: nonforest).
After preprocessing the geometric correction and radiation correction of all remote sensing images, we used the normalized difference vegetation index (NDVI), tasseled cap transformation (TCA), and texture calculation to extract the characteristic bands to improve the type of forest classification. We obtained the characteristic bands, including TC1 (brightness), TC2 (greenness) and TC3 (wetness), and the NDVI, mean, variance, homogeneity, contrast, dissimilarity, entropy, second, and correlation of all images. The auxiliary data were used to visually interpret and extract the forest resources in Shanghai under the unified coordinate system. Using the Shanghai forest resource distribution map (2014) provided by the Shanghai Forestry Station as the main reference data for forest types, we built a visual interpretation of the 2014 Landsat data. Using the Shanghai 1:100,000 land-use data (2015), we labeled the nonvegetation sites, such as water systems and construction land. The human-computer interaction interpretation was conducted in combination with the characteristic band combination of the study area, and the results of the classification of the forest resources in Shanghai were obtained for 2014. These results were combined with the "Shanghai Green Map" and a Google Earth historical image as auxiliary data sources, allowing us to visually interpret and update the types of forest resources in Shanghai in 2009 and 2004, respectively.
Spatial Analysis of the Forest Landscape Pattern
A landscape pattern is the comprehensive expression of landscape heterogeneity in space. It is the result of the joint action of human activities and environmental disturbances. Furthermore, landscape patterns reflect human activities and economic development under certain social forms, including the type, number and spatial distribution of landscape units. The complexity of landscape patterns is closely related to the stage of social development. Population growth, major social changes, and changes in national policies will all be reflected in landscape patterns [14] . The complexity of the structure of a forest system contributes to a special hierarchical feature and functional connotation of a forest landscape pattern, especially in terms of reducing human disturbance and optimizing landscape patterns. It is vital to consider the relationship between human activities and the natural environment. An ecological perspective helps to explain and thus understand the characteristics of forest landscape patterns in specific areas. Through the analysis of landscape patterns, the changes in forest resources, fragmentation, connectivity and heterogeneity can be effectively analyzed. Therefore, this approach is widely used in the study of nature reserves, forest evolution, and urban expansion. The use of quantitative research methods into landscape patterns can effectively establish a relationship between landscape structure and functional processes and predict potential landscape changes. Compared with previous studies, only the landscape pattern index method was used to analyze urban landscapes. To estimate the multiscale effect of urban development and landscape changes, our study combined the landscape pattern index and landscape point pattern analysis method to explore the evolution of urban forest landscape patterns in the study area.
Urban and Rural Gradient Division Method
The suburbs and rural areas account for approximately 85% of Shanghai's total land area according to the second national land survey. The suburban villages are not only geographically large, but more importantly, they are responsible for indispensable functions. The Shanghai Master Plan coordinates the overall layout of Shanghai as a principal city and forms a multiaxis, multilevel, multicore urban spatial layout structure. According to the characteristics of urban development and ecological planning in Shanghai, the urban-rural gradient analysis of this study was conducted using two methods. First, based on the basic administrative divisions, the urban and rural gradients can be divided into three areas: downtown (C1), suburbs (S1) and outer suburbs (R1), and each area includes different administrative areas. Second, with reference to the scope of Shanghai's ecological network planning, and combined with the results of other scholars' urban-rural gradient divisions [47] [48] [49] , the study area is divided into the central city (U) and the periphery of the central area (S2), and other areas are considered country areas. Figure 2 and Table 1 list the areas covered by the two divisions. There are many landscape indicators that describe landscape patterns, and they are divided into three levels (i.e., patch level index, class level index and landscape); each indicator has its own ecological significance. Although there are high correlations between many indicators, the focus of each is different. This study aims to analyze the spatial pattern of the urban forest landscape in Shanghai and measure the impact of humans on the urban forest landscape. Therefore, it is necessary to select indicators that are independent of each other, and that comprehensively reflect the landscape pattern of the study area. Additionally, it is necessary to select area, shape, and aggregation indicators from the class type hierarchy, and select area, shape, clustering, and diversity indicators from the overall landscape level (specific indicators are shown in Table 2 ). Ripley's K function is an important method for point pattern analysis that was originally proposed by Ripley [51] . It can reflect how the spatial agglomeration or spatial diffusion of the quality of the heart changes when the size of the neighborhood changes. This function can also be used to analyze point pattern agglomeration features in multiscale spaces. Developed by Diggle [52] and other scholars, the method overcomes one limitation of the traditional landscape pattern analysis method, i.e., it can only analyze the spatial distribution pattern of a single scale. Furthermore, this method can describe the spatial distribution of the forest landscape under different spatial scales and maximize the use of spatial point information [53, 54] . This tool is commonly used in ecology to analyze the spatial patterns of populations. The present study primarily uses Ripley's K function to analyze the spatial distribution characteristics of urban forests and their various types of forest points in the study area. It is calculated as follows:
where A is the area of the study area; N is the total number of samples; d is the spatial scale; d ij is the distance between point i and point j; i, j = 1, 2, 3 . . .
and λ is the spatial density when the forest is assumed to be evenly distributed throughout the study area. For Ripley's K function to evaluate whether the actual observation point spatial pattern is spatially aggregated, diverged, or randomly distributed, Besag proposed Ripley's L function [55] . The formula for L(d) is as follows:
When L(d) > 0, the point features are aggregated. If the value is less than 0, the distribution is represented by diffusion. Table 3 and Figure 5 . The total forest area (the definition of urban forest here is the broad definition mentioned in the review, including the total amount of urban forest of all interpretation types in this study) in Shanghai increased from 72,455 ha in 2004 to 101,587 ha in 2014, and the forest coverage (the definition of forest coverage rate refers to the ratio of forest area to total land area) increased from 11.43% to 16.02%. The forest coverage rate in the northeastern part of Shanghai is higher than that in the southwestern part. The forest area in the southwest is high, but the coverage rate is relatively low. According to regional statistics, the forest area in the downtown area is increasing. Table 4 and Figure 6 at the landscape level, and Figure 7 at the class level.
Results
Overall Spatial Patterns of Urban Forests in
At the landscape level, the landscape structure of the area metrics (NP and TA) was shown to increase significantly from 2004 to 2009, and the growth rate was small from 2009 to 2014. However, the metrics (LPI and AREA_MN) exhibited gradual declining trends. The shape metrics (PAFRAC) exhibited an increasing trend each year, with the shapes and traits of patches becoming more complex. The metrics (CONTIG_MN) gradually decreased, indicating that the spatial connectedness of the landscape was decreasing in the study area. In terms of the aggregation indicators, compared with 2004, the patch density increased significantly. The aggregation metrics (IJI and COHESION) indicated that other types of landscapes around the study area decreased, and the landscape patches in the study area also decreased in terms of segmentation continuity. The diversity indicators SIEI and SHDI both exhibited a decreasing trend from 2004 to 2014, reflecting that with increasing human activity, landscape types tend to be simpler. This result shows that human activity has obvious effects on the study area, large patches gradually diminished, and urban forest landscape fragmentation in the area intensified.
At the class level, the landscape structure of the area metrics (CA and PLAND) reveal that broadleaf forests accounted for the majority of forest types in Shanghai, followed by shrublands and needleleaf forests, and the area of broadleaf forests increased from 2004 to 2014; in contrast, the areas of the other forest types decreased. The metrics (AREA_MN) reveal that mixed forests, shrublands and broadleaf forests had larger patches than the other forest types from 2004 to 2014. After 2009, the average patch area of shrublands (fruit tree economic forests), which are predominantly distributed outside the main urban area, was much larger than that of the other forest types. The shape metrics (PARFAC) reveal that needleleaf forests, mixed forests and broadleaf forests increased significantly from 2004 to 2009. The results also reveal that the degree of fragmentation of the other forest types in Shanghai increased, and the intensity of human activities increased, which had a significant effect on other types of disturbances. The aggregation metrics (AI) and the other indicators reveal that all forest types had a decreasing trend from 2004 and 2009. This result implies that the degree of aggregation of urban forest types in Shanghai is generally declining, and the patch distribution is fragmented. 
Analysis of the Evolution of Multiscale Features of the Urban Forest Landscape in Shanghai
The landscape pattern of urban forest not only reflects the influence of urbanization on urban forests, but also determines its function in urban ecosystem services. Based on an analysis of the overall urban forest landscape pattern, the present study of an urban forest landscape structure at different scales and in different urbanized regions was performed, which is conducive to achieving a comprehensive understanding of the forest characteristics of a city. The suburbs and outer suburbs play an important role in improving the environmental quality of the central city, and although the forest area in these regions is generally high, it is still insufficient relative to the potential land area. Here, we analyze the landscape structure and multiscale aggregation characteristics of an urban forest in different regions to better analyze the landscape level and type level of an urban forest in Shanghai at different scales.
Spatial Pattern of the Urban Forest Landscape with an Urban and Rural Division
Based on the interpretation of the data on forest resources in Shanghai, we used urban and rural gradient division data to separately extract the urban forest interpretation results, and we augmented the landscapes in the different zones with the support of ARCGIS10.0 software (ESRI, Redlands, CA, USA) and FRAGSTATS v4.2 software (University of Massachusetts Amherst, MA, USA). We analyzed the landscape patterns and their changes using ecological space division (U, S2) and administrative division (C, S1 and R1).
Spatial Pattern of the Urban Forest at the Landscape Level
Comparing these areas, the landscape structure of the area metrics (CA, NP, and AREA_MN) were slightly different in each region (Figure 8 . We can see that the forest area had slow growth and the number of patches increased dramatically, while the average patch area was greatly reduced. Close to the central city, the U and C regions had a small forest area, and the suburbs of the R1 and S1 regions had a high forest area. However, the average patch area was not bigger than within the C and U regions from 2009 to 2014. Therefore, the construction of suburban forests needs to pay more attention to the construction of large-scale patches of forest and to improving the quality and level of forests. This is the fundamental way to improve the ecological benefits of forests. 
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Spatial Pattern of the Urban Forest at the Landscape Level
Comparing these areas, the landscape structure of the area metrics (CA, NP, and AREA_MN) were slightly different in each region (Figure 8 ). The total urban forest area in C and R1 increased by approximately 50% from 2004 to 2009. The total urban forest area in U, S2 increased by about 16%. Compared with 2009, the total urban forest area in all districts typically increased, except for the S1 region. The S1 region is an administrative partition area near the center of the city, and contains both the urban area and the transition area between the urban and rural areas. The cause of the forest area reduction may be that the urbanization and forest construction layout is not reasonable. . We can see that the forest area had slow growth and the number of patches increased dramatically, while the average patch area was greatly reduced. Close to the central city, the U and C regions had a small forest area, and the suburbs of the R1 and S1 regions had a high forest area. However, the average patch area was not bigger than within the C and U regions from 2009 to 2014. Therefore, the construction of suburban forests needs to pay more attention to the construction of large-scale patches of forest and to improving the quality and level of forests. This is the fundamental way to improve the ecological benefits of forests. The aggregation metrics (IJI) exhibited a trend of C < S2 < U < R1 < S1 (Figure 9 ), indicating that the overall forest landscape type in Shanghai was more complex at the periphery of the city. However, the U area had more complex landscape types than the S2 area in 2004, and the forest landscape type was also more complex in the C region than it was in the R1 region, which may be related to landscape-oriented afforestation. In the central urban area and other concentrated areas, landscape afforestation is the main objective. Therefore, the purpose of landscape afforestation requires a more diverse selection of tree species. However, afforestation in the suburbs is primarily based on pure forest or a block-mixed mode; that is, one tree is planted in a plot, and the type is relatively simple. The aggregation metrics (COHESION) index exhibited a trend of C < U < R1 < S1 < S2 from 2004 to 2009, indicating that the forest patches in the main urban area were segmented and more disconnected; thus, the natural connectivity gradually decreased in the 10-year period. The aggregation metrics (PD) show that the patch density of U and C increased significantly. The S2 area exhibited a significant increase compared to the S1 area in 2009. The forest landscape had a high degree of fragmentation in U and C, whereas the S2 area was closer to the urban residential area, where human disturbance was significantly broken. The aggregation metrics (IJI) exhibited a trend of C < S2 < U < R1 < S1 (Figure 9 ), indicating that the overall forest landscape type in Shanghai was more complex at the periphery of the city. However, the U area had more complex landscape types than the S2 area in 2004, and the forest landscape type was also more complex in the C region than it was in the R1 region, which may be related to landscape-oriented afforestation. In the central urban area and other concentrated areas, landscape afforestation is the main objective. Therefore, the purpose of landscape afforestation requires a more diverse selection of tree species. However, afforestation in the suburbs is primarily based on pure forest or a block-mixed mode; that is, one tree is planted in a plot, and the type is relatively simple. The aggregation metrics (COHESION) index exhibited a trend of C < U < R1 < S1 < S2 from 2004 to 2009, indicating that the forest patches in the main urban area were segmented and more disconnected; thus, the natural connectivity gradually decreased in the 10-year period. The aggregation metrics (PD) show that the patch density of U and C increased significantly. The S2 area exhibited a significant increase compared to the S1 area in 2009. The forest landscape had a high degree of fragmentation in U and C, whereas the S2 area was closer to the urban residential area, where human disturbance was significantly broken. The shape metrics (PAFRAC and CONTIG_MN) reveal the difference in the degree of human interference in the different regions. The metrics of U, C and S1 were slightly larger than that in S2 (Figure 10 ), indicating that the closer they get to the downtown area, the greater the forest patch fragmentation. The difference in aggregation between regions was small in the same year. The diversity metrics exhibited a trend of U < C < S2 < R1 < S1 in 2004 and S2 < U < C < S1 < R1 in 2009 and 2014, which implies that the difference in the proportion of the landscape types of U and C was lower than that of the other regions. At the same time, it can be seen that the forest landscape diversity in the S2 region decreased, and the diversity of the R1 region increased after 2009. S2 and R2 as regions The shape metrics (PAFRAC and CONTIG_MN) reveal the difference in the degree of human interference in the different regions. The metrics of U, C and S1 were slightly larger than that in S2 (Figure 10 ), indicating that the closer they get to the downtown area, the greater the forest patch fragmentation. The difference in aggregation between regions was small in the same year. The diversity metrics exhibited a trend of U < C < S2 < R1 < S1 in 2004 and S2 < U < C < S1 < R1 in 2009 and 2014, which implies that the difference in the proportion of the landscape types of U and C was lower than that of the other regions. At the same time, it can be seen that the forest landscape diversity in the S2 region decreased, and the diversity of the R1 region increased after 2009. S2 and R2 as regions were divided by different rules (administrative division and ecological division), both of which are worth further discussion. 
Spatial Pattern of Urban Forests at the Class Level
To understand the spatial distribution characteristics of urban forest types in different regions, as different regions have different levels of urbanization, we compared the urban forest landscape types in the regions C, S1, R1, U and S2. According to the landscape structure of the area metric values (CA, see Figure 11 ), broadleaf forest is the predominant landscape type in all regions, with an area of over 50%. Compared with S1 and R1, the regions of various types of forest area are relatively small. The broadleaf forest, shrublands and nursery landscape types increased to some extent in the C and U regions. The U region was mainly dominated by broadleaf forests, shrublands and nursery; moreover, only broadleaf forests increased significantly from 2004 to 2014. In S1, the proportion of needleleaf forests and mixed forests is small. Shrublands have decreased significantly since 2009, and broadleaf forests have increased significantly. In the S2 region, broadleaf, shrublands and nurseries take up a relatively large area, and all types of area have increased significantly since 2009. From the above analysis it can be seen that, from the perspective of forest type, most of the forest types are included in each region, but the growth in the area of the forest types in each region was concentrated on broadleaf forests and shrublands. Large increases in forest area were concentrated in regions far from the urban, such as S1 and R1. The urban area was restricted by land use, and the increase in the area of each forest type was low.
In terms of the area metrics (NP) in each region (Figure 12 ), the number of patches in the C region was the lowest, and the number of broadleaf forest patches in R1 was the highest and increased each year. Mixed forests, shrublands and nursery, and needleleaf forests all exhibited the trend of C<U<S2<R1<S1. The shrublands were predominantly concentrated in the R1, S1 and S2 regions, and the number of patches decreased each year. The above results show that in addition to shrublands, the number of patches in the region increased significantly. The increase in the number of patches, does not mean that the forest area was growing and that the ecological environment improved. We need to combine more landscape metrics to analysis the landscape structure of the study area, such as the size and spatial distribution of the growing patches.
The aggregation metrics (PD) index revealed an increasing trend each year in all regions ( Figure 13 ). The density of the broadleaf forest showed a trend of S1<R1<S2<C<U in 2004 and 2014, but it is worth noting that there was a significant downward trend of the S2 region from 2009 to 2014. This may have been caused by an adjustment of the economic fruit planting structure, a decline in nursery management, large-scale residential area development and construction, and the construction of large-scale parks. The density of needleleaf forests, shrublands, shrublands and nursery forest in most regions increased significantly from 2004 to 2014. The broadleaf forest in the C and U regions had the highest patch density, followed by shrublands and nursery, and a majority of the regions presented a trend of increasing density. The density of shrublands presented a trend of C<U<S2<R1<S1, which also indicates that the distribution of shrublands was concentrated in the suburban area. Urban forests have certain zonal characteristics in Shanghai. The central urban areas are dominated by broadleaf forests and shrublands and nursery, and this increased year by year. The forest density in the central urban areas also increased significantly, but the forest area grew slowly, and the number of patches increased. There is a lack of large-scale group forests and landscape corridors in Shanghai, and the city's demand for ecological functions cannot be fully met. 
Analysis of the Multiscale Agglomeration Characteristics of Urban Forest Landscape Patterns
To further understand the impact of urbanization on urban forests, we selected urban forests in different division regions to analyze the characteristics of the urban forest landscape structure. In order to further explore the spatial and temporal distribution characteristics of urban forest patches on multiple scales, we selected large-scale patches greater than 1 ha that were believed to contribute to the ecological environment. These patches were transformed into point data to analyze the multiscale characteristics of the urban forest landscape in Shanghai over the past 10 years using ArcGIS (Esri, Redlands, CA, USA) Desktop 10.2 software. We set the distance band to be 20 and the starting distance and increment as 2000 m; additionally, we used the simulated outer boundary values method to correct the underestimation of adjacent points near the edge of the study area. Monte Carlo simulation with a confidence level of 99% was used to test the significance of the Ripley's L index deviation from randomness.
In terms of time variation (see Figure 14a-c) , the dot pattern density in 2004 was higher than that in 2014. In terms of spatial variation, the spatial distribution of the urban forest landscape point patterns in the study area exhibited extremely uneven characteristics. The changes in time and space were the concrete manifestations of the temporal and spatial fluctuations of the forest landscape patterns in the study area. The variation trend of the measured value L(d) of the Ripley's K function in the multi-scale space was analyzed, and the agglomeration distribution characteristics of urban forest land and the different types of landscape point patterns were analyzed in greater detail (see Figure 14d -f). The L(d) curves of the third-phase urban forest landscapes were essentially outside of the upper and lower envelopes, indicating that the urban forest landscapes exhibited significant local aggregation distribution characteristics at a certain distance at different spatial scales. In 2004, the urban forest landscape point pattern in Shanghai was characterized by a significant aggregation distribution at 22 km; it then began to exhibit discrete distribution characteristics (see Figure 14d) . In 2009, the urban forest landscape point pattern in Shanghai was characterized by significant aggregation at 17 km and then began to exhibit discrete distribution characteristics (see Figure 14e) . Figure 14f shows that the urban forest landscape point pattern in Shanghai was characterized by a significant aggregation distribution at 16 km in 2014 and then began to exhibit discrete distribution characteristics. Based on the above results, although the spatial density of urban forests in Shanghai increased from 2004 to 2014, the total number of patches comprising an area larger than 5 ha decreased. In the past 10 years, the clustering characteristics of urban forests with large patches have gradually decreased. In 2014, the urban forest landscapes decreased by 5 km compared with the concentration of forests in 2004, which also reflects the overall fragmentation of urban forests in Shanghai. Important large patches are gradually becoming fragmented.
Similarly, we analyzed the spatial aggregation characteristics of the different forest types in Shanghai, in which we selected large patches of one ha. The results are presented in Figure 15 . In the same scale range, the aggregation intensity and scales of different forest types are different. The L (d) value increases as the spatial distance increases, and the value gradually moves away from the upper and lower envelopes. The clustering distribution is presented. After a certain distance, the observed K becomes smaller than the expected K and gradually approaches the envelope line. The forest-type landscape presents clustering characteristics on a spatial scale of 14-20 km during 2004-2014, and the forest landscape at the class level and landscape level have certain similarities in terms of their spatial aggregation characteristics. The needleleaf forest exhibited a significant aggregation distribution within 20 km in 2004 and had a discrete distribution after 20 km (Figure 15(a1-a3) ). The aggregation range began at 15 km and then began to show a discrete distribution after 20 km as of 2009. A significant discrete distribution presented after 27.5 km. In 2014, the aggregation range started from 14 km and then presented a discrete distribution, exhibiting a significant discrete distribution at 27.5 km. The clustering range of broadleaf forests in Shanghai ranged from 17.5 km in 2004 to 19 km in 2014 (Figure 15(b1-b3) ), and both were significant aggregation distributions, indicating that the primary urban forest type in Shanghai was the broadleaf forest space aggregation. The distribution range was larger than that of needleleaf forests, and the aggregation effect was more evident. The mixed forests in Shanghai accounted for a relatively small proportion. As shown in Figure 15(c1-c3) , the spatial aggregation characteristics are primarily expressed at 24 km and gradually increased to 27. (Figure 15(d1-d3) ). According to the statistics, Shanghai's special irrigation forests are primarily peach, pear and citrus. After 2009, the citrus in Chongming and peaches in Pudong experienced a large reduction in area. The distribution of shrublands and nurseries showed a significant aggregation distribution from 20 km to 22 km from 2004 to 2014, followed by a discrete distribution (Figure 15(e1-e3) ).
Discussion
Evolution of the Spatial Distribution Pattern of Urban Forests in Shanghai
Through an analysis of the characteristics of the overall landscape of Shanghai and the spatial characteristics of the landscape pattern on the urban and rural gradients, it was concluded that although the total forest area in Shanghai reached 101,586 ha in 2014, the forest coverage rate increased from 11.43% to 16.02%. In terms of forest coverage, the global average is 31%, including 64% in Japan, 61% in South Korea, 60% in Norway, 54% in Sweden, 50-60% in Brazil, 44% in Canada, 30% in Germany and 33% in the United States. According to the "Regulations on the Implementation of the Forest Law of the People's Republic of China" [56] , the national forest coverage rate should reach 30%, among which mountain areas should generally be more than 40%, hilly areas should be more than 30%, and plain areas and counties should be more than 10%. Compared with the coverage rates in other similar cities in China, such as Beijing (35.84%) and Hangzhou (64.96%), there is still a large gap in Shanghai, where the forest coverage rate still does not fully meet the requirements of sustainable development for an international metropolis.
The overall urban forest landscape in Shanghai exhibits an uneven forest distribution. The forest coverage rate in the northeast is higher than that in the southwest. The forest area in the southwest is large, but the coverage is relatively low. We classify areas less than 0.05 ha as small patches (IV), areas of 0.05-0.3 ha as medium patches (III), areas of 0.3-1 ha as large and medium patches (II), and areas larger than 1 ha as large patches (I). According to the statistics, the total area of large forest patches with an area larger than 5 ha was 40,308 ha in 2004, which decreased to 34,905.88 ha in 2009 and 33,573.12 ha in 2014. The overall quality of forest patches exhibited a declining trend, and large-scale forest patches were gradually fragmented and broken. As shown in Figures 16 and 17 , Shanghai's forest landscape is dominated by a large number of small-and medium-sized patches. From the spatial distribution data of remote sensing interpretation (using the ecological division city center area as an example), small patches were primarily distributed in urban residential areas, and near roads and water systems, whereas medium patches were distributed in urban parks. For resorts, large patches were predominantly ecological forests, country parks and large-scale public welfare forests. The sum of the small-and medium-sized patches in Shanghai accounted for only 9% of the total area in 2004. However, the patch number accounted for 70% of Shanghai. In 2009 and 2014, the sum of the small and medium patches accounted for 27% of the total area, but the sum of the patches accounted for 88%, which also reflected the tension of Shanghai's land use. On the urban-rural gradient, the total amount of forest follows the pattern of outer suburbs > suburban > city center; however, for urban forest coverage, the level in the suburbs is higher than in the outer suburbs and central urban areas. The central urban area is affected by land area, population density, urbanization and other factors. The forest area has less space to increase. Because the suburbs and outer suburbs play an important role in improving the environmental quality of the city center, although the forest area is generally higher in the suburban regions, there is a certain upside. According to analysis of the urban forest landscape pattern in Shanghai, the spatial distribution of forest patches in Shanghai tends to be randomly distributed. Although there are large ecological forests, country parks and large-scale public welfare forests in the suburbs and outer suburbs, the number and area of forest patches have clear advantages; however, because of the limitations associated with economic development, green infrastructure is imperfect, patch uniformity and connectivity are poor, and ecological processes and functions are weak [57] . In the past 10 years, due to the influence of planning and human activities, the fractal dimension of urban forest patches in Shanghai has gradually decreased, the overall appearance of patches are broken, and the landscape patch boundaries are neat and solitary. The ecological processes between the patches are weak, which is not conducive to biodiversity conservation, and small patch areas cannot improve the urban landscape. Therefore, based on the Shanghai Urban Master Plan and the Shanghai Land Use Master Plan, we need to combine the natural geography conditions and climatic conditions of Shanghai, guided by the principles of landscape ecology, from the consistency of urban structure and the coordination of natural geographical conditions. The connectivity of landscape elements, the uniformity of landscape patterns, the hierarchical structure of landscapes, and the integration of landscape elements into the central city and suburban greening need develop simultaneously. In the central city, it is necessary to pay attention to the combination with the garden department to achieve the organic integration of the landscape effect and various ecological functions. In the suburbs, it is necessary to emphasize the ecological function, taking into account the economic function and the landscape effect.
Discussion of the Factors Affecting Urban Forest Evolution in Shanghai
Shanghai is located at the mouth of the Yangtze River. According to the statistics, Shanghai's forested area has historically been small, with water comprising 697 km 2 , equivalent to 11% of the city's total area. At the beginning of liberation, Shanghai's total area of cultivated land reached 3750 km 2 , accounting for approximately 59% of the administrative area. However, with the acceleration of urbanization, Shanghai's cultivated land area has rapidly decreased and little land remains for forest development. Apart from a small amount of residual yellow-brown soil formed by mountain weathering, the land comprising the vast plain has evolved into different types of agricultural soil under the long-term influence of human activities. Under such environmental conditions, especially given the high population density and tight land resources, the development of Shanghai's urban forest is a difficult task, requiring more technology than many cities possess. Shanghai lacks natural resources and is characterized by rapid population growth, active production and rapid urban-rural integration. These historical and natural factors have led to a relatively weak foundation for urban forest development in Shanghai; thus, the city has low urban forest coverage and does not meet the requirements of sustainable urban development.
One of the primary features of Shanghai's urban landscape is the large size and density of the landscape corridors, such as rivers and roads. This pattern creates a cutting effect on urban forest landscapes. Compared with natural factors, the impact of human activities is the primary reason for the change in the urban forest landscape in the study area. According to statistics of the Shanghai Statistical Yearbook, between 2004 and 2014 the total population of Shanghai increased from 18.35 million to 24.26 million. The population density also increased from 2133 people per square kilometer to 3826 people per square kilometer. The rapid population growth has led to the expansion of human settlement. Although the forest area is relatively small compared with the amount of agricultural land that has been developed, the growth rate of the forest cover during the last decade has also increased due to policy-oriented support. However, due to population growth, rapid urbanization has changed the landscape pattern of forests and promoted more intense human activity. Statistics reveal that Shanghai's GDP exhibited a significant upward trend each year from 2004 to 2014. Economic growth primarily depends on the rapid development of industry, and industrial development also causes particular damage to forest resources. Based on the above problems, the current situation of the urban forest landscape in Shanghai is primarily due to the rapid urbanization that has occurred in recent years, as well as natural, socioeconomic and local government decisions, and national macro policies. Due to the high density of buildings, concentrated population, limited land area, and high degree of urbanization, the central urban area is subject to the greatest human disturbance, resulting in a serious degree of fragmentation.
Shanghai has actively promoted the development of an ecological civilization. Since the country's reform and opening up, Shanghai has fully implemented the concept of urban forests, implemented planning and greening, and improved policy guidance. In 2001, the Shanghai Urban Forest Planning initiative was launched. In November 2003, the municipal government approved its implementation and promoted Shanghai. Guidelines for the development of the city's urban ecosystem, e.g., "Shanghai Basic Ecological Network Planning" and "Shanghai Forest Land Protection and Utilization Plan", have been issued, and focusing on a balanced layout and functional diversity. After 10 years of large-scale urban plantation development, the forest coverage rate reached 12% in 2009, which was approximately double the amount of forest area in 1999 [58] . Under the influence of Shanghai's ecological development policy, by 2014 Shanghai initially formed an ecological network system of "rings, wedges, corridors, gardens and forests". However, through an analysis of the urban-rural gradient landscape pattern, the fragmentation index is shown to have increased from the outer suburbs to the central urban area, and the spatial aggregation of large patches has gradually decreased. The spatial structure of urban forests still needs to be strengthened.
Conclusions
In this paper, we used multi-source remote sensing data and 3S technology to interpret the spatial distribution data of urban forest resource types in Shanghai from 2004 to 2014, and we used a multiscale landscape analysis method to study landscape patterns in Shanghai. The evolutionary characteristics of urban forest landscapes in different sub-districts and the spatial aggregation characteristics of different forest types led to the following conclusions:
(1) The urban forest landscape and its patch characteristics meant that the spatial information surveys of the urban forest landscape had to rely on modern information technology, combined with multi-source remote sensing data, RS and GIS technology for urban forest landscape surveys. In addition, automatic/semiautomatic extraction is an inevitable trend and a requirement to obtain the time series of urban forest classification information. According to the research, using remote sensing big data combined with forest resource survey business data, the accuracy of the semiautomatic interpretation results generally met the research and analysis needs. The spatial morphological characteristics of the terrestrial patches obtained by this interpretation were spatial reflections of the combined effects of human disturbance and habitat. The development of urban forests requires a holistic and systematic framework. It is necessary to formulate a plan that is human-oriented, and the coordinated development of humans and nature according to the analysis of the status of forest ecological resources, environment and ecological division is important. By analyzing the spatial distribution pattern of the urban forest landscape in Shanghai, the results contribute to the rational planning and layout of urban forests, improve the quality of urban forests, and effectively assess the role of ecosystem services. ( 2) The analysis of the urban forest landscape pattern characteristics and the urban-rural gradient zoning characteristics in Shanghai showed that the spatial distribution of the urban forest landscape in Shanghai is essentially consistent with the urban geomorphological pattern. Although the forest coverage rate has increased in some places, the spatial distribution area is noticeably different, the regional difference is large, and the overall quality of the landscape is not high. Large seminatural and near-natural landscape patches are less common, especially near the central urban area, where the forest coverage is lower, and the patches are more fragmented. The analysis of the urban forest landscape pattern in different urban and rural gradient zones showed that the formation, distribution and type differentiation of urban forest landscape ecosystems in Shanghai were closely related to the geographical differentiation of the natural environment, and the regional differences in the landscape ecological characteristics were evident. Under the strong interference of human activities, the urban forest landscape has a high degree of fragmentation, the patch shape area is simple and more regular, and the comprehensive function of the landscape ecosystem is weakened, which weakens the function of improving the urban ecological and environmental quality. The regional differences in the ecological characteristics of the urban forest landscapes are the result of the combination of natural environmental differentiation, historical development, and socioeconomic and cultural traditions. Due to urban planning and zoning, the regional differences in the urban forest landscape's ecological characteristics have further increased. (3) It is a feasible countermeasure to develop high-quality urban forests in urban suburbs by learning from foreign experiences. Currently, Shanghai's research on the landscape ecology of urban greening has begun to focus on the development of green corridors for roads and water systems. Urban green belts in the outer ring of the city have been developed and have created favorable conditions for Shanghai to build urban forest systems. According to Shanghai's land-use status data, it is very costly to increase the urban forest coverage in the city center. Therefore, Shanghai should consider maintaining the integrity of the ecosystem while considering optimization of the distribution, such as the area, shape, density, agglomeration, diversity, uniformity and accessibility of the green patches. On the landscape scale, these scattered and isolated system units should be rationally planned and distributed, and the urban forest open space should be connected to a network through a combination of urban forest "points", "lines", "faces", "wedges" and "rings". This connection not only acts as an outer ring to restrain the expansion of the city to the countryside, but also introduces the natural elements of the outer suburbs into the city through these networks; thus, these features connect the different regions as a whole through a large number of core forest lands, small green areas, forest belts and other forms, and this system forms an urban forest ecosystem with a uniform distribution and complete ecosystem functions.
